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Wound Infections following Cardiac Surgery

Nicolas Nesseler,®P° Marie-Clémence Verdier,*® Yoann Launey,®?¢ Alexandre Malherbe,®° Marine Dermu,®9 Caroline Piau,®®
Erwan Flécher,®® Olivier Tribut,® Yannick Mallédant, ¢ Philippe Seguin®?-

Service de Réanimation Chirurgicale, Péle Anesthésie-SAMU, Urgences, Réanimations (ASUR), Hopital Pontchaillou, Rennes, France®; INSERM U991, Hopital Pontchaillou,
Rennes, France®; Université Rennes 1, Faculté de Médecine, Rennes, FranceS; Service de Pharmacologie Biologique, Hopital Pontchaillou, Rennes, France; Laboratoire de
Bactériologie-Virologie, Hopital Pontchaillou, Rennes, France®; Service de Chirurgie Cardio-vasculaire et Thoracique, Hopital Pontchaillou, Rennes, France” Service de
Biochimie, Hopital Pontchaillou, Rennes, France?

Knowledge regarding antimicrobial therapy strategies in deep sternal wound infections (DSWI) following cardiac surgery is lim-
ited. Therefore, we aimed to determine the steady-state plasma and mediastinal concentrations of oxacillin administered by con-
tinuous infusion in critically ill patients with DSWI and to compare these concentrations with the susceptibility of staphylococci
recovered. A continuous infusion of oxacillin (150 to 200 mg/kg of body weight/24 h) was administered after a loading dose (50
mg/kg). Plasma and mediastinal concentrations of total and unbound oxacillin were determined 4 h after the loading dose (H4)
and then at day 1 (H24) and day 2 (H48). Twelve patients were included. Nine patients exhibited bacteremia, 5 were in septic
shock, 8 were positive for Staphylococcus aureus, and 4 were positive for coagulase-negative staphylococci. The median MIC
(first to third interquartile range) was 0.25 (0.24 to 0.41) mg/liter. Median plasma concentrations of total and unbound oxacillin
at H4, H24, and H48 were, respectively, 64.4 (41.4 to 78.5) and 20.4 (12.4 to 30.4) mg/liter, 56.9 (31.4 to 80.6) and 21.7 (6.5 to 27.3)
mg/liter, and 57.5 (32.2 to 85.1) and 20 (14.3 to 35.7) mg/liter. The median mediastinal concentrations of total and unbound oxa-

cillin at H4, H24, and H48 were, respectively, 2.3 (0.7 to 25.9) and 0.9 (<0.5 to 15) mg/liter, 29.1 (19.7 to 38.2) and 12.6 (5.9 to

19.8) mg/liter, and 31.6 (14.9 to 42.9) and 17.1 (6.7 to 26.7) mg/liter. High-dose oxacillin delivered by continuous infusion is a
valuable strategy to achieve our pharmacokinetic target (4 X MIC) at the site of action at H24. But concerns remain in cases of
higher MICs, emphasizing the need for clinicians to obtain the MICs for the bacteria and to monitor oxacillin concentrations,

especially the unbound forms, at the target site.

Deep sternal wound infections (DSWI) following cardiac sur-
gery, also called poststernotomy mediastinitis, are associated
with significantly lengthened hospital stays and increased morbid-
ity and mortality and, therefore, additional expenses (1—4). First-
line therapy is associated with surgical debridement and antimi-
crobial therapy. Staphylococcus species were the primary causative
organisms found in several cohort studies (2, 3, 5, 6). When the
staphylococci are methicillin sensitive, -lactams are the drugs of
choice, in association with an aminoglycoside. Unfortunately, no
recommendations are available in the context of DSWI on the type
of B-lactams, the adequate dose, or the rhythm of administration.
Because -lactams are time-dependent antibiotics, efficacy is re-
lated to the time the antibiotic concentration is maintained above
the MIC of the microorganisms (T~ ;) (7). Concerning the pen-
icillins, T- y;c of 50% is usually required to achieve the maximal
bactericidal effects, differing from carbapenem and cephalosporin
agents, for which 40% and 60 to 70% coverage, respectively, have
been reported (8). However, some authors advocate for maintain-
ing levels above the MIC 100% of the time to achieve greater
clinical cure rates in serious infections (9). Additionally, in vivo
and in vitro studies indicate that bacterial killing and microbiolog-
ical success can be enhanced by achieving concentrations of 4 X to
5X MIC (10, 11). Thus, continuous infusion has been proposed to
maximize {-lactam efficacy by maintaining concentrations
throughout the course of treatment (12, 13). In our institution, in
case of DSWI caused by methicillin-susceptible Staphylococcus, a
continuous infusion of high-dose oxacillin is initiated after a load-

5448 aac.asm.org

Antimicrobial Agents and Chemotherapy p. 5448-5455

ing dose. However, although pharmacokinetics studies have dem-
onstrated higher plasma drug concentrations than with bolus dos-
ing, data on tissue drug concentrations are lacking (14).
Additionally, American and European guidelines continue to rec-
ommend intermittent oxacillin infusion in the case of methicillin-
susceptible staphylococci endocarditis or prosthetic-bone joint
infections (15-18).

The objective of this study was to determine the steady-state
plasma and mediastinal concentrations of oxacillin administered
by continuous infusion to patients with DSWTI after cardiac sur-
gery and to compare these concentrations with the susceptibility
of staphylococci recovered.

MATERIALS AND METHODS

This prospective observational study was performed in a 21-bed intensive
care unit of a university hospital between November 2010 and June 2013.
The local ethics committee (Comité d’Ethique du CHU de Rennes) ap-
proved the study and waived the need for written consent (Avis 10.17, 14
September 2010).
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TABLE 1 Biochemical parameters®

DSWI after Sternotomy and Oxacillin Concentrations

Parameter Baseline

Day 1 Day 2 Day 7

152 (87-183) (12)
39 (32-67) (12)
52 (50-54) (12)
20 (18-25) (10)

Plasma creatinine concn (pmol/liter) (no. of patients)
Creatinine clearance (ml/min) (no. of patients)

Total proteins (g/liter) (no. of patients)

Albumin (g/liter) (no. of patients)

165 (94-185) (11)
35 (31-61) (11)
55 (51-57) (11)
24 (17-25) (10)

142 (106-189) (12)
42 (31-49) (12)
55 (51-63) (12)
23 (15-27) (10)

172 (132-186) (6)
34 (32-47) (6)
58 (51-64) (6)
14 (13-17) (4)

@ Data expressed as medians and first and third quartile ranges.

Patient characteristics and management. All adult patients >18
years old admitted to our intensive care unit (ICU) after undergoing op-
erations for DSWI after cardiac surgery with mediastinal drainage and for
whom oxacillin antimicrobial therapy was indicated were eligible. Exclu-
sion criteria included pregnancy and known allergies to 3-lactams.

The surgical management followed was a primary closed-drainage
technique with small multiperforated rigid 9-French catheters (Redon
catheters) (19, 20). Each catheter was connected to a bottle in which a
strong negative pressure was maintained. Operative mediastinal tissue
and fluids were systematically cultured, and a probabilistic antimicrobial
therapy associated with vancomycin and gentamicin was initiated. Two
times a week, the effluents collected in the bottle were cultured. When two
subsequent cultures results were negative, the catheters were progressively
removed.

After Staphylococcus methicillin susceptibility was confirmed, the pa-
tients received a loading dose of 50 mg/kg of body weight of oxacillin
(Bristopen; Bristol-Myers Squib, Rueil-Malmaison, France) over a 15-
min period followed by a continuous infusion of 150 to 200 mg/kg/24 h
divided in three syringes of 50 ml (Luer-Lok 50-ml syringe; BD Plastipak,
Franklin Lakes, New Jersey, USA) infused over a period of 8 h via an
automatic pump (Orchestra, module DPS; Fresenius Kabi AG, Bad Hom-
burg, Germany). The dose was chosen according to the French guidelines
for bone and joint prosthetic device infections, assuming the sternum was
involved in DSWI and steel wires were used to close the sternotomy (15).
According to our local antimicrobial therapy protocol, gentamicin was
also used for 5 days before switching to oral rifampin. Oxacillin was di-
luted in 0.9% sodium chloride. The stability of oxacillin diluted at 100
mg/ml in 0.9% sodium chloride was evaluated at room temperature (22 to
23°C) after 8 h and 24 h. Oxacillin solutions were >98% stable at 8 h and
>95% at 24 h (data not shown).

Plasma and mediastinal sampling. The plasma concentrations of to-
tal and unbound oxacillin were obtained 4 h after the loading dose (H4)
and then on day 1 (H24), day 2 (H48), and day 7 if the patients were still
hospitalized in our ICU. With a 30- to 60-min half-life of oxacillin reported by
the manufacturer, we assumed the plasma oxacillin steady state should be
reached at H4 (ie., 4 to 5 half-lives). Simultaneously, total and unbound
oxacillin levels were determined from mediastinal fluid exteriorized by the
Redon catheter in the collecting bottle. The collecting bottle was changed after
every sample and every day. Stability of oxacillin in mediastinal fluid at room
temperature over 24 h was tested, showing a <15% decrease in the concen-
tration (data not shown). After the first 48 h of infusion, the oxacillin dose
might be modified at the discretion of the attending physician and according
to the plasma drug concentrations obtained.

Measurements. The following data were collected: age, gender,
height, weight, type of initial cardiac surgery, and severity of preexisting
underlying disease based on McCabe’s classification. The severity of ill-
ness was assessed using the sequential organ failure assessment (SOFA)
score within 24 h after surgery and the simplified acute physiology score
(SAPS II) within 24 h of ICU admission (21-23). The mortality at day 28
was recorded. The presence of bacteremia, septic shock, and acute respi-
ratory distress syndrome (ARDS) was additionally recorded. The time to
sterilize the mediastinal fluid (calculated as the time between the day of
surgery and the day at which the collected mediastinal sample was micro-
biologically negative) and the need for an additional debridement surgery
were also noted (6). Baseline, day 1, day 2, and day 7 (if applicable) plasma
creatinine, total protein, and albumin levels were measured. Creatinine
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clearance (CLy) was predicted according the modification of the diet in
renal disease (MDRD) formula (24).

Drug assay. Blood samples were drawn into heparinized
plasma-sampling tubes. Blood samples and mediastinal fluids were cen-
trifuged for 10 min at 3,000 X g and 4°C before freezing at —80°C until
analysis. The storage time of the samples did not exceed 15 days. Free
plasma and mediastinal fractions of oxacillin were separated by ultrafil-
tration using a Centrifree device (Millipore Corporation, Bedford, MA,
USA), as previously described (25). Total and free oxacillin concentra-
tions were obtained by liquid chromatography-tandem mass spectrome-
try (LC-MS/MS). The extraction method for oxacillin consisted of protein
precipitation with acetonitrile. Separation was achieved with an Atlantis
T3 column (3 wm, 2.1 by 100 mm) (Waters, Milford, MA, USA) using
cefazolin as an internal standard. The method is accurate and reproduc-
ible; all intra- and interday precision and accuracy values were <<5%. The
assay is linear over a range from 0.5 to 250 p.g/ml, the limit of quantifica-
tion is 0.5 pg/ml, and the limit of detection is 0.2 g/ml.

MIC determination. The MICs of the staphylococci were determined
by the Etest (bioMérieux, Marcy 'Etoile, France). According to the rec-
ommendations of the French Society of Microbiology (www.sfm
-microbiologie.org) or the European Committee on Antimicrobial Sus-
ceptibility Testing (EUCAST) (www.eucast.org), Staphylococcus aureus
was considered susceptible to oxacillin if the MIC was =2 mg/liter and
resistant if the MIC was >2 mg/liter. Coagulase-negative staphylococci
were considered susceptible to oxacillin if the MIC was =0.25 mg/liter,
resistant if the MIC was >2 mg/liter, and intermediate if the MIC was
between these two concentrations. In the last case, if penicillin-binding
protein (PBP) 2a expression was not observed, the staphylococcus was
considered susceptible to oxacillin.

Statistical analysis. Statistical analysis was performed using the com-
puter open source software program R 2.15.2, from the R Foundation
(Vienna, Austria). Quantitative data were expressed as medians and first-
and third-quartile ranges, whereas categorical data were expressed as ab-
solute values and percentages.

RESULTS

Twelve patients (1 woman and 11 men) were included in the
study. The median age was 73 (65 to 76) years old, median weight
was 87 (79 to 95) kg, and median height was 172 (170 to 175) cm.
The McCabe classification included 5 and 7 cases of A and B,
respectively. The type of initial cardiac surgery included 5 cases of
coronary bypass graft (CABG), 3 cases of valve surgery, 2 cases of
CABG and valve surgery, and 2 cases of thoracic aortic surgery.
The median time between the hospitalization for the cardiac sur-
gery and the surgery for DSWI was 13 (12 to 20) days. The severity
of illness as assessed by SAPS II was 38 (35 to 43), and the SOFA
score was 6 (3 to 10). Nine patients exhibited at least one episode
of bacteremia, 5 patients were in septic shock, and 4 patients met
ARDS criteria. Eleven patients were alive at day 28. The plasma
creatinine levels, CL values, and total protein and albumin lev-
els at baseline, day 1, day 2, and day 7 are summarized in Table 1.
The causative organisms included Staphylococcus aureus in 8 pa-
tients and coagulase-negative staphylococci in 4 patients. The me-
dian MIC (first to third interquartile range) was 0.25 (0.24 to 0.41)
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TABLE 2 Total, free fraction, and unbound plasma oxacillin concentrations

Day 1 H4 Day 1 H24 Day 2 H48

Total Unbound Free Total Unbound Free Total Unbound Free
Patient no. (mg/liter) (mg/liter) fraction (%) (mg/liter) (mg/liter) fraction (%) (mg/liter) (mg/liter) fraction (%)
1 63.7 16.9 26.5 79.3 21.9 27.6 75.8 17.2 22.7
2 43.8 14.0 31.9 57.7 6.9 12.0 30.4 9.0 29.6
3 65.1 29.6 45.5 334 15.8 47.3 59.4 31.8 53.5
4 30.1 4.4 14.5 25.6 4.7 18.2 31.2 5.5 17.7
5 101.2 44.7 44.2 104.4 52.8 50.5 119.4 73.7 61.7
6 87.7 329 37.5 56.0 28.5 50.9 55.5 23.1 41.6
7 50.1 21.5 42.9 49.2 27.0 54.8 32.6 16.0 49.1
8 75.4 23.5 31.2 61.9 21.5 34.8 112.8 47.5 42.1
9 20.6 4.1 19.9 21.1 4.0 18.8 19.0 3.7 19.5
10 34.5 7.7 22.4 21.2 5.3 25.2 55.3 16.6 30.1
11 124.9 73.5 58.8 150.2 73.1 48.7 124.5 59.5 47.8
12 69.8 19.4 27.8 84.5 26.7 31.6 60.9 22.8 37.5
Median 64.4 20.4 31.5 56.9 21.7 33.2 57.5 20.0 39.5
IQR1“ 41.4 12.4 25.5 31.4 6.5 23.6 32.2 14.3 27.9
IQR3 78.5 30.4 43.2 80.6 27.3 49.1 85.1 35.7 48.1

“IQR1 and IQR3, first and third interquartile ranges, respectively.

mg/liter. The median dose of infused oxacillin was 150 (141 to
168) mg/kg/24 h. The dosage was decreased after day 2 in 4 pa-
tients by the attending physicians according to the plasma drug
concentrations obtained. The median time to obtain mediastinal
sterilization (n = 11) was 8 (6 to 16) days. Two patients needed an
additional debridement surgery to obtain surgical site sterilization
and one because of Gram-negative bacilli superinfection.

The plasma and mediastinal concentrations of total, unbound,
and free fraction oxacillin at H4, H24, and H48 are presented in
Tables 2 and 3. The drug penetration ratios (i.e., mediastinal con-
centrations to plasma concentrations) are shown in Table 4. The
relationship between plasma and mediastinum unbound oxacillin
concentrations at H4, H24, and H48 with 4X MIC recovered and
4X MIC breakpoint of staphylococci are illustrated in Fig. 1 and 2.

On day 7, the plasma concentrations (# = 6) of total, unbound, and
free-fraction oxacillin (%) were 37.8 (17.5 to 54.4) mg/liter, 26.9 (13.2
to 48.2) mg/liter, and 25.6% (14.9 to 48.5%), respectively. On day 7,
the mediastinal concentrations (n = 6) of total, unbound, and free-
fraction oxacillin were, respectively, 31.1 (12.6 to 48.9) mg/liter, 19.2
(4.5 to 34.4) mg/liter, and 54.9% (38.9 to 70.5%).

No significant correlation was observed between the plasma
concentrations at H24 and the total daily dose (dose/kg) (r* =
0.005, P = 0.71). A significant correlation was observed between
plasma and mediastinal H24 concentrations of total (r* = 0.62,
P < 0.001) and unbound oxacillin (+* = 0.636, P < 0.001). No
significant relationship was observed between the plasma concen-
trations of unbound oxacillin and levels of albumin (> = 0.1, P =
0.14) or creatinine (r* = 0.23, P = 0.14). A significant, but weak,

TABLE 3 Total, free fraction, and unbound mediastinal oxacillin concentrations

Day 1 H4 Day 1 H24 Day 2 H48
Patient Total Unbound Free Total Unbound Free Total Unbound Free
no. (mg/liter) (mg/liter) fraction (%) (mg/liter) (mg/liter) fraction (%) (mg/liter) (mg/liter) fraction (%)
1 0.5 <0.5 ND“ 25.7 9.7 37.7 42.9 18.0 42.0
2 5.5 1.3 24.0 432 18.5 42.8 15.1 6.9 45.7
3 1.7 1.3 76.5 29.5 17.8 60.5 37.2 23.8 63.8
4 <0.5 <0.5 ND 17.9 5.3 29.9 21.6 7.1 32.7
5 <0.5 <0.5 ND 37.7 15.3 40.5 83.4 57.6 69.1
6 0.8 <0.5 ND 39.9 29.5 73.8 42.9 354 82.6
7 39.5 20.7 52.3 37.2 23.8 64.1 30.5 20.2 66.2
8 3.1 0.9 294 28.7 10.0 349 32.7 16.1 49.3
9 0.7 <0.5 ND 7.8 2.4 30.0 1.0 <0.5 30.6
10 1.6 0.8 47.8 19.5 6.0 30.9 14.5 4.8 33.1
11 43.3 18.3 42.1 86.8 45.5 52.4 105.4 65.5 62.2
12 32.7 15.0 45.9 19.8 4.7 23.5 13.7 5.9 43.2
Median 2.3 0.9 42.1 29.1 12.6 39.1 31.6 17.1 47.5
IQRlb 0.7 <0.5 29.4 19.7 5.9 30.7 14.9 6.7 39.7
IQR3 25.9 15.0 47.8 38.2 19.8 54.4 42.9 26.7 64.4

“ND, not determined.
?IQR1 and IQR3, first and third interquartile ranges, respectively.
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TABLE 4 Drug penetration ratios (mediastinal concentrations to plasma concentrations)

Total oxacillin concentration ratio

Unbound oxacillin concentration ratio

Patient no. Day 1 H4 Day 1 H24 Day 2 H48 Day 1 H4 Day 1 H24 Day 2 H48
1 0.01 0.32 0.57 — 0.44 1.05
2 — 0.75 0.50 0.09 2.68 0.77
3 0.03 0.88 0.63 0.04 1.13 0.75
4 — 0.70 0.69 — 1.13 1.29
5 — 0.36 0.70 — 0.29 0.78
6 0.01 0.71 0.77 — 1.04 1.53
7 0.79 0.76 0.94 0.96 0.88 1.26
8 0.04 0.46 0.29 0.04 0.47 0.34
9 0.03 0.37 0.05 — 0.60 —
10 0.05 0.92 0.26 0.10 1.13 0.29
11 0.35 0.58 0.85 0.25 0.62 1.10
12 0.47 0.23 0.22 0.77 0.18 0.26
Median 0.04 0.64 0.60 0.10 0.75 0.78
IQR1” 0.03 0.37 0.28 0.07 0.46 0.54
IQR3 0.35 0.75 0.72 0.51 1.13 1.18

4 —, not calculated.
? IQR1 and IQR3, first and third interquartile ranges, respectively.

correlation was observed between the plasma concentrations of
unbound oxacillin and CLqy (* = 0.27, P = 0.003). A significant
correlation was observed between the free fraction of plasma ox-
acillin at steady state and albumin levels. The free fraction in-
creased when the albumin level decreased (> = 0.46, P < 0.001).

DISCUSSION

The present study revealed that at H24, continuous infusion of
oxacillin at 150 to 200 mg/kg/day after a loading dose of 50 mg/kg
was sufficient to achieve bactericidal concentrations, i.e., concen-
trations in excess of 4X to 5X MIC of unbound oxacillin at the site

Oxacillin concentrations in plasma

=

4x MIC EUCAST breakpoint

log10{mgll)

e

dx redian MIC

I

FIG 1 Relationship between unbound oxacillin plasma concentrations at H4, H24, and H48 with 4 X MIC for staphylococci recovered and 4 X breakpoint MIC

for staphylococci.
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Oxacillin concentrations in mediastinum

10-
4x MIC EUCAST breakpoint

log10{mg/L)

4x median MIC

I

| |
24 48

Hours

FIG 2 Relationship between unbound oxacillin mediastinal concentrations at H4, H24, and H48 with 4X MIC for staphylococci recovered and 4X breakpoint

MIC for staphylococci.

of action if we considered the susceptibility of staphylococci re-
covered in our patients. Indeed, for all patients (except one at
H438), the concentrations of unbound oxacillin were sufficiently
high at H24 and H48. However, if we considered the reported MIC
breakpoint for the staphylococci susceptibility of 2 mg/liter de-
fined by the French Society of Microbiology or the European
Committee on Antimicrobial Susceptibility Testing (EUCAST)
(www.eucast.org), the objectives were achieved in only 8 patients
at H24 and 7 patients at H48.

Interestingly, at H4 the oxacillin steady state was not reached in
the mediastinum, contrary to the plasma. Therefore, the oxacillin
bactericidal concentrations at the target site were recovered in
only 3 patients, calling into question the sufficiency of the loading
dose chosen. This issue is critical when considering that the timing
of antimicrobial therapy administration is associated with out-
comes in severe sepsis and septic shock (26). A higher loading dose
might eventually be proposed to achieve bactericidal concentra-
tions more quickly, but the efficiency of such a measure needs to
be demonstrated. Moreover, peak concentrations after a loading
dose should be measured to determine that toxic concentrations
were not attained. In order to specify this issue, we made an at-
tempt at modeling the data set through nonlinear mixed-effect
models. However, the data were very sparse and were not origi-
nally designed for such an analysis. As a result, the parameter
estimates proved very sensitive to the assumptions made in the
modeling, and the variability was very high. In addition, there was
large interindividual variability in this very sick population, mak-
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ing any conclusions or extrapolation to different dose regimens
hazardous. However, the analysis did suggest that the distribution
to the mediastinal tissues takes several hours, despite heavy load-
ing doses in the plasmatic compartment. In further studies, it
would be worthwhile to obtain additional samples during the dis-
tribution phase to better estimate the volume of distribution and
the distribution to the mediastinal tissue. Such a new data set
would allow the determination of whether increasing the dose
regimens would achieve bactericidal concentrations in the medi-
astinal tissue within the recommended time frame, or whether a
loading dose directly in the mediastinal tissue during the surgery
would be more relevant.

The patients included in our study were critically ill, and 5
patients were in septic shock. All of the patients exhibited
hypoalbuminemia (<25 g/liter), a state frequently observed in
critically ill patients (27). Hypoalbuminemia resulted in an in-
creased free fraction compared with that reported by the manu-
facturer (approximately 35% versus 10%). Changes in the volume
of distribution and the clearance of antibiotics have been reported
in critically ill patients, which may affect the antibiotic concentra-
tions at the target site, notably for hydrophilic antibiotics like
B-lactams (28). Moreover, microdialysis studies indicated that
antibiotic tissular penetration is impaired in septic shock (29).
Additionally, hypoalbuminemia results in a higher unbound frac-
tion associated with increased clearance of unbound drug and
greater volume of distribution (V). This pharmacokinetic altera-
tion exists for highly protein-bound antibiotics, such as ceftriax-
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one, oxacillin, ertapenem, and teicoplanin, and might be associ-
ated with failure to achieve pharmacokinetic-pharmacodynamic
targets (28, 30, 31). Although this phenomenon is well docu-
mented for other antibiotics, no data are available for oxacillin
(30, 32-34). A recent study on the pharmacokinetics of flucloxa-
cillin, a highly protein-bound isoxazolyl penicillin, was conducted
in critically ill patients with hypoalbuminemia without impaired
renal function (35). Flucloxacillin was delivered by intermittent
infusion of 1 to 2 g every 4 to 6 h, and the authors reported that
within 4 h after administration, the plasma unbound concentra-
tions of 6/10 patients fell below 1 mg/liter. Additionally, Monte
Carlo simulations suggested that a protocol of high-dose contin-
uous infusion after a loading dose, similar to the protocol we fol-
lowed, might achieve an aggressive pharmacokinetics target, i.e.,
4X to 5X MIC 100% of the time with respect to the staphylococci
clinical susceptibility breakpoint (35). In our study, despite the
delivery modalities of oxacillin, the plasma-unbound concentra-
tions were below 4X MIC, with respect to the staphylococci clin-
ical susceptibility breakpoint, in 4 patients at H24 and in 1 patient
at H48, challenging this hypothesis. Interestingly, most of our pa-
tients exhibited impaired renal function, but no significant rela-
tionship was observed between oxacillin concentrations and cre-
atinine levels or only a weak relationship with CLq;. The
phenomenon can be explained by the primary biliary elimination
characterizing oxacillin (36, 37).

In clinical settings, a recent retrospective study suggested that
continuous oxacillin infusion was a suitable alternative to inter-
mittent infusion, with better microbiological outcomes in infec-
tive endocarditis caused by methicillin-susceptible Staphylococcus
(38). In the same way, continuous oxacillin infusion was retro-
spectively found to be associated with good success rates in the
treatment of burn wound cellulitis (39).

In the absence of specific recommendations concerning anti-
microbial therapy in the field, our study provides a set of addi-
tional useful information to the clinicians in charge of DSWTI after
cardiac surgery. Although the continuous infusion and dosing
regimens chosen appear adequate in most cases, our study empha-
sizes the need for the physicians to obtain MICs and to monitor
plasma and, if possible, tissue oxacillin concentrations. Indeed,
appropriate dosing regimens are necessary to avoid therapeutic
failure and/or the development of antibiotic resistance (28).

Our study exhibits several strengths. We report here for the
first time, to our knowledge, the target site concentrations of
oxacillin during the management of DSWTI in critically ill patients.
The pharmacokinetics data of this narrow-spectrum and high
protein-binding penicillin are of critical interest considering the
frequency of staphylococci in DSWI and the changes of pharma-
cokinetics in critically ill patients. Moreover, only the pharmaco-
logically active unbound oxacillin concentrations were considered
to evaluate the achievement of pharmacokinetic targets.

Some limitations, however, should be noted. First, we observed
interindividual variability in pharmacokinetic values, as is fre-
quently reported among critically ill patients (32). Second, the
significance of the microbiological and clinical outcome data
should be analyzed with caution given that our cohort size re-
mains limited and the study was not designed to evaluate the clin-
ical cure rates. Additionally, given the number of patients in-
cluded, we cannot exclude the possibility that the lack of relations
between the various parameters is related to sample size as op-
posed to no real effect being present. High free fractions were
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reported in our study mainly related to hypoalbuminemia, but
unbound oxacillin concentrations were determined by ultrafiltra-
tion and not by equilibrium dialysis, which is the current stan-
dard. However, other studies determined the unbound concen-
tration of B-lactams (including flucloxacillin and dicloxacillin)
using the ultracentrifugation method, and the stability of our
method was checked by repeating the technique several times on
the same sample to ensure reliability (40—42).

In conclusion, high-dose oxacillin delivered by continuous in-
fusion after a loading dose is a valuable strategy to achieve our
pharmacokinetic target at the site of action. However, the range of
MICs recovered in our patients was rather low, and in cases of
higher MICs (i.e., 2 mg/liter), the pharmacokinetic target at the
site of action would not have been achieved. Moreover, higher
loading doses would have likely resulted in achieving bactericidal
concentrations earlier. These observations emphasize the need for
the clinicians to obtain the MIC of the bacteria and to monitor the
antibiotic concentrations, especially the unbound forms, at
the target site, if possible. More studies are needed to confirm
whether such a strategy would be associated with higher clinical
cure rates and better outcomes.
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